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We, Hupp Corporation, a corporation of 
the State of Virginia, United States of 
America, located at 1135 Ivanhoe Road, 
Cleveland, Ohio, United States of America, 
do hereby declare the invention for which we 
pray that a patent may be granted to us, 
and the method by which it is to be per- 
formed to be panicularly described in and by 
the following statement: — 

This invention relates to dryers and, more 
specifically, to high velocity hood type air 
dr>'ers for drying continuously moving webs 
of paper and other materials. 

In manufacturing processes such as paper- 
15 making and coating, the conventional machines 
almost invariably run at speeds well below 
those of which they are capable because the 
paper or coating cannot be dried at a suffi- 
ciently rapid rate. This problem is one of long 
standmg and an extraordinary amount of effort 
has been devoted to its solution. 

At least the following nine methods of 
hastenmg the drying process have heretofore 
been employed, (1) heated cylinder, (2) high 
velocity hot air, (3) radiant energy, (4) di- 
electric heating, (5) drying under vacuum, 
(6) flash dryers, (7) drying by the fluidized 
bed technique, (8) drying with molten metal, 
and (9) combinations of two or more of the 
preceding methods. The first three of these 
methods and combinations thereof have been 
found to offer the most promise and large 
expenditures of time and money have been 
devoted to their development and improve- 
ment. 

One highly successful application of the 
heated cylinder technique is that shown in 
my Patent No. 1,012,883. Various techniques 
and apparatus are known for drying paper, 
coatmgs, and the like by the application of 
radiant energy. The present invention consti- 
tutes a significant advance in the third of these 
[Price^ 
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techniques, high velocity hot air drying. In 
high velocity hot air dryers, a stream of 
heated air or air mixed with combustion pro- 
duas is forced through an array of nozzles 
located adjacent the material to be dried at 
impinging yelociries as high as fifteen thousand 
feet per minute to remove the moisture from 
the material. Dryers of this type are effective 
to increase drying rates substantially when 
employed in conjunction with heated cylinder 
dryers. 

High velocity hot air dryers employed in 
the past have been of two general types, those 
in which the air is heated by diluting or 
mingling with it hot combustion products 
(directly heated air dryers) and those in which 
the air is indirectly heated by steam. There 
are a number of objections to dryers employ- 
ing con.bustion products. First, the requisite 
combustion products are conventionally gener- 
ated by one or more gas-fired burners mounted 
on the paper making, coating, or other 
machine. These burners pose a rather serious 
fire hazard. Second, the combustion products 
contact and may, therefore, contaminate the 
material being dried. Third, the efficiency of 
the burners available for this type of dryer 
is low and their operating cost is therefore 
high. Fourth, large quantities of fresh air 
must continuously be introduced into the 
drying system to support the combustion pro- 
cess. Equal quantities of combustion products 
and air must be removed from the system, 
inaking it virtually impossible to recirculate 
significant quantities of the moisture laden 
air and combustion produas impinged uppn 
the drying material through the system. Conse- 
quently, it is impossible to increase the mois- 
ture content of the drying gas by adding to 
it moisture removed from the drying material. 
This adversely affects the drying ability of 
the fluid impinging on the material to be 
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dried as gases with high humidity can carry 
more heat than dry gases of the same composi- 
tion since moisture has about twice the heat 
capacity of air. 

5 Many of the objections of dryers employ- 
ing combustion products as the drying gas can 
be obviated by employing steam heated coils 
to heat a stream of drying air. This type of 
dryer (commonly known as the Gardner 

10 dryer) however, has another serious draw- 
back which seriously limits its utility — the 
practical maximum air temperature which can 
be achieved in such systems is limited to 
about 300 — 350°F. Consequently, the differ- 

15 ential betv/een the temperature of the air and 
the material being dried is small and the 
efficiency of the sj^stem is low. 

The novel high velocity air dryer provided 
by the present invention is similar in some 

20 respects to the steam heated Gardner dryers 
heretofore employed. One substantial differ- 
ence, which provides unexpectedly large in- 
creases in operating efficiency, is that, instead 
of steam, a non-aqueous organic liquid having 

25 a boiling point several hundred degrees higher 
than the boiling point of v/ater is employed to 
heat the stream of drying air, permining the 
drying air to be heated to temperatures on 
the order of 500— 550"F. 

30 As a result of this invention, a number of 
important advantages are obtained. The fire 
hazard and contamination problems associ- 
ated with dryers employing a mixture of air 
and combustion produas as the drying 

35 medium is eliminated. Any desired proportion 
of the spent air can be recirculated through 
the system to increase the humidity and there- 
fore the heat carrying capacity of the drying 
air witli a consequent increase in the efficiency' 

40 of the system. In addition, dryers constructed 
in accordance with the the present invention 
can readily be provided with a simple, auto- 
matic control system for maintaining the 
humidity of the drying air at the desired 

45 level. 

Compared with the conventional Gardner 
dryers, the present invention provides an un- 
expected and surprisingly higher drying rate 
and, at die same time, a significant reduction 

50 in the power required to circulate the air 
through the system. Unexpectedly, only a 
minor increase in the surface temperature of 
the material being dried is caused by the 
increase in the temperature of the drying air. 

55 Additionally, since the heat transfer medium 
always remains liquid, the safety hazards posed 
by superheated steam (which has a pressure 
of approximately 135 psi at 350''F.) are 
eliminated. 

60 From the above discussion, it will be appar- 
ent that one object of the present invention 
resides in the provision of improved high 
velocity air dryers. 

Another object of the present invention 

65 resides in the prevision of novel high velocity 



air dryers providing drying air tincontarainated 
by combustion products heated to tempera- 
tures heretofore achievable only in dryers em- 
ploying heated combustion produas as the 
circulating medium. 70 

In conjunction with the preceding object, 
another object of the present invention resides 
in the provision of novel, high velocity air 
dr>-ers which eliminate the fire hazard and 
contamination problems associated with dryers 75 
utilizing combustion products as the circiilat- 
ing medium and which have efficiencies sub- 
stantially higher than dryers of the latter 
type. 

Yet another object of the present invention 80 
resides in the provision of novel high velocity 
air dryers capable of operating at substanti- 
ally higher temperatures and with substantially 
greater efficiencies than conventional steam 
heated Gardner type dryers. 85 

In conjunaion with the preceding object, 
it is a further object of the present invention 
to provide novel high velocity air dryers in 
which the heat transfer medium circulated 
through the air heating imit is always in the 90 
liquid state, eliminating the problems involved 
in handling superheated steam. 

Another object of the present invention 
resides in the provision of novel high velocity 
air dryers in accordance with the preceding "5 
objects and having control systems for auto- 
matically regulating the humidity of the dry- 
ing air. 

Other objects and further novel features of 
the present invention will become more fully 100 
apparent from the appended claims and as the 
ensuing detailed description and discussion 
proceeds in conjunction with the accompany- 
ing drawing, in which : 

Figure 1 is a partially diagrammatic per- 105 
spective view of a high velocity air drying 
system constructed in accordance with the 
present invention; 

Figure 2 is a section through a hood em- 
ployed in the system of Figure 1 and is taken 110 
substantially along line 2 — 2 of that figure; 

Figure 3 is a view similar to Figure 2, 
but taken substantially along line 3 — 3 of 
Figure 1; 

Figure 4 is a fragmentary view of the hood, 115 
to an enlarged scale, showing in more detail 
the array of nozzles employed to direct the 
heated, circulating drying air onto the material 
to be dried; 

Figure 5 is a graphic chart illustrating the 120 
comparative performance characteristics of 
high velocity air dryers of the Gardner type 
and an embodiment of the improved dryer of 
the present invention ; 

Figure 6 is a graphical illustration of the 125 
relation between dewpoint and specific 
humidity; 

Figure 7 is a schematic illustration of a 
control system which may be employed to 



BNSDCXID: <GB. 



1046087A L> 



1,046,087 



3 



automatically regulate the humidity of the 
drying air; 

Figure 8 is a section through the control 
system sensing unit taken substantially along 
line 8 — 8 of Figure 9; and 

Figure 9 is a section through the sensing 
unit taken substantially along line 9 — 9 of 
Figure 8. 

In the drying of paper, coatings, and similar 
liquid bearing materials on heated drums, the 
heat applied to the material by the drum 
causes molecules of the liquid to evaporate 
from the surface of the material, forming a 
dry boundary layer in the material and a 
vaporous barrier layer adjacent the surface of 
the material. As the drying process continues, 
molecules of the liquid in the material migrate 
from the material through the dry boundary 
layer and escape from the material into the 
barrier layer of vapor adjacent its surface. 
As the concentration of molecules in the 
barrier layer increases, these molecules diffuse 
toward areas of lower concentration. Since the 
drj' boundary layer of the material is im- 
mediately adjacent the paper barrier layer, 
a portion of the diffusing molecules will return 
to the material, retarding the drying process. 

To remove the liquid from the barrier 
layer and hasten the drying process, high 
velocity air type dryers have been developed. 
These dryers direct and impinge heated jets 
of air at high velocity against the surface of 
the material to be dried, dislodging the mole- 
cules of vapor from the barrier layer and 
increasing their kinetic energy which causes 
them to pass into the spent drying air as it 
is exhausted from the drier. In addition, the 
heated air impact transmits a considerable 
amount of heat to the material, increasing the 
rate at which the molecules of liquid migrate 
through and evaporate from the surface of the 
material being dried. 

Referring now to the drawing, Figure 1 
illustrates a high velocity air t3^e dryer 10 
designed to hasten the drying of paper, coat- 
ings, and similar material through the heat 
transfer mechanism described above. Dryer 
10 includes a closed air heating system 12 
comprising a heating unit 14 for heating a 
non-aqueous liquid heat transfer medium, an 
air heating unit 16, and a pump 18 for cir- 
culating the heat transfer medium between 
units 14 and 16. A stream of air is forced by 
blower 20 through heating unit 16, where it 
is heated to the desired temperature, pre- 
ferably 500-<550°F., and through a supply 
duct 22 to an air cap- or hood 24 from which 
the heated air is directed at high velocity 
against the surface of a web of material 26 
moving in the direaion of the arrows over a 
heated cylinder 28 such as that shown in 
U.S. Patent No. 3,237,314, referred to above, 
and a guide roller 30. The velocity of the air 
impinging upon the material to be dried may 
range from 6000 — 12000 fpm and is pre- 



ferably on the order of 6000 fpm. After it 
impinges on web 26 the spent air is exhausted 
from air cap 24 through a return duct 32 by 
blower 20 which recirculates the spent air to 
air heating unit 16. 70 

Air heating system 12 is of the same general 
construction as the heating system disclosed 
in copending application No. 45,256/63 Ser. 
No. 1031438, filed November 15, 1963, for 
HIGH TEMPERATURE HEATING 75 
APPARATUS. The heating unit 14 of this 
system, which is of substantially conventional 
construction, includes continuous, finned heat- 
ing tubes 34 (only one of which is shown) 
through which the circulating liquid medium 80 
flows and over which hot combustion gases 
generated by combustion units 36 pass. Heat- 
ing tubes 34 and one or more combustion 
units 36 are housed in an outer shell 38 which 
may be lined with an appropriate refraaor)^ 85 
(not shown) to radiate heat to heating tubes 
34 and which has a stack 40 through which 
the combustion gases may be exhausted after 
they have traversed heating tubes 34. The 
combustion units 36 may be gas or oil burners 90 
or solid fuel burners if desired. 

Fuel flows to combustion units 36 through 
an inlet line 42 in which an automatically 
controlled valve 44 (such as a Minneapolis 
Honeywell Series 800 valve) is interposed. 95 
Valve 44 is preferably controlled by a con- 
ventional temperature controller 46 respon- 
sive to the temperature of the circulating 
mediurn discharging from the heating tubes 34 
in heating unit 14 to insure that the circular- 100 
ing medium is invariably discharged from the 
heating unit at the same temperature. Tem- 
perature controller 46 may be any desired, 
commercially available imit such as the re- 
cording type Alinneapolis Honeywell ELEC- 105 
TRONIK controller, or the Minneapolis 
Honeywell non-recording model T456B con- 
troller. 

The outiets of heating tubes 34 are con- 
nected to a supply conduit 48 through which 110 
the heated circulating liquid medium is forced 
by pump 18 to one or more finned heating 
tubes 50 in air heating unit 16 which includes, 
m addition to heating tubes 50, a plenum 
chamber 52 disposed around the tubes. From 115 
heat exchanger tubes 50, the circulating heat 
transfer medium is pumped back to heating 
unit 14 through a return conduit 54. 

To insure proper operation of dryer 10, the 
heated air passing from air heating unit 16 120 
into supply duct 22 must be maintained at a 
uniform temperature. To this end, a bypass 
conduit 56 is connected between supply con- 
duit 48 and return conduit 54 in parallel with 
the heat exchange tubes 50 in air heating 125 
unit 16. Interposed in bypass conduit 56 is 
a three-way valve 58 such as the Minneapolis 
Honeywell 800 Series valve y/hich is controlled 
by a temperature controller 60 responsive to 
the temperature of the heated air fiowing 130 
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from plenum 52 of air heating unit 16 into air 
supply duct 22. Temperature controller 60 may, 
if desired, be of the same type as tempera- 
ture controller 46. Temperature controller 60, 

5 which has a sensing clement 62 disposed in 
air supply duct 22 adjacent its inlet end, pro- 
portions the flow of heated circulating liquid 
medium between the heat exchange tubes 50 
in air heating unit 16 and bypass conduit 56 

10 to maintain the temperature of the air flow 
into the supply dua at the temperature for 
which the controller 60 is set. In general, as 
the air temperature drops, an increasing por- 
tion of the circulating liquid is divened to 

15 the air heating unit; conversely, as the air 
temperature rises, an increasing proportion of 
the heated circulating liquid will be diverted 
through bypass conduit 56. 

One of the novel features of the present in- 

20 vention resides in employing a high boiling 
point hydrocarbon liquid as the circulating 
medium., permitting it to be circulated at 
extremely high temperatures in liquid form. 
Consequently, the air delivered to air hood 

25 24 may be heated to substantially higher tem- 
peratures than has heretofore been possible, 
substantially increasing the efficiency of dryer 
10. At the same time, as the heat transfer 
medium always remains in liquid form, the 

30 heating system components through which the 
circulating medium flows need be designed 
to withstand only very low pressures. For the 
high velocity air dryers disclosed in the pre- 
sent application, the preferred heat transfer 

35 liquid is Aroclor 1248, a chlorinated biphenyl 
produced by Monsanto Chemical Company. 
Aroclor 1248 liquid may be heated to tem- 
peratures on the order of 550 — 570'''F. with- 
out boiling and without exceeding a permis- 

40 sive rate of decomposition. At that tempera- 
ture Aroclor 1248 has a decomposition rate of 
less than 0.001% per hour of system opera- 
tion. 

As explained in copending application 

45 45,256/63, Ser. No. 1031438, referred to 
above, when a liquid such as Aroclor 1248 is 
employed as a heat transfer medium a reason- 
ably constant, high velocity flow, preferably 
on the order of about 8 feet per second, must 

50 be maintained in the heating system since, 
if constant circulation is not maintained, the 
circulating medium in the heating lubes 34 of 
heating unit 14 will be overheated and will 
polymerize, forming a thick sludge which 

55 will adversely affea the heat transfer effici- 
ency of the system. To prevent a flow stop- 
page in conduits 48 or 54 or in heating tubes 
50 from having this adverse effect, a bypass 
conduit 64 is connected between main supply 

60 conduit 48 adjacent the discharge ends of 
heating unit tubes 34 and main return con- 
duit 54 on the inlet side of pump IS. Flow 
through bjpass conduit 64 is controlled by a 
bypass valve 66 (such as a Minneapolis 

65 Honeyivell Series SOO valve; which, in turn. 



is regulated by a differential pressure con- 
troller 68, the two bellows type sensing ele- 
ments of which (not shown) are located, res- 
pectively, on the inlet and discharge sides of 
circulating pump 18. The sensing elements 70 
are connected by leads 70 and 72 to a pres- 
stu-e transducer 74 which, in turn, is con- 
nected by a lead 76 to differential pressure' 
controller 68. Differential pressure controller 
68 may be of any conventional construction 75 
such as the Differential Pressuretrol manu- 
factured by the Minneapolis Honeywell Regu- 
lator Company. 

Should a condition arise tending to decrease 
the flow through heating system 12, as by an 80 
obstruction in conduits 48 or 54 or in heating 
tubes 50, the pressure differential between 
the inlet and outlet sides of pump 18 will 
increase causing differential pressure controller 
68 to open bypass valve 66, allowing the cir- 85 
culating medium to flow from supply conduit 
48 through bypass conduits 64 into return 
conduit 54. As a result, the flow of liquid 
through healing unit 14 is maintained constant, 
thereby preventing the circulating medium 90 
from over heating. 

When the flow of fluid through the supply 
and return conduits and heating tubes 50 
again increases, the differential between the 
pump suction and discharge pressures will 95 
decrease. Differential pressure controller 68 
will then close bypass valve 66, decreasing the 
flow of liquid through bypass conduit 64 and 
increasing the flow through main supply con- 
duit 48. 100 

Heating system 12 is described in greater 
detail in copending application 45,256/63, re- 
ferred to above, to which reference may be 
had if deemed necessary for a more complete 
imderstanding of the present invention. Since 105 
this system is described in the copending 
application and since, it, by itself, is not part 
of the present invention, it is not seen that 
a more elaborate description of the system is 
required herein. ^ ^ 110 

As was described above, a stream of air is 
forced through plenimi chamber 52 of air 
heating unit 16 and over heat exchange tubes 
50 by blower 20, heating the air to a tem- 
perature preferably on the order of 550^F. 115 
From plenum chamber 52, the heated air is 
forced by blower 20 through air supply duct 
22 into a transition duct section 78 connected 
to the outlet end 80 of duct 22. Transition 
section 78 extends through the top wall 81 of 120 
air cap 24 into fluid communication with the 
interior of a plenum chamber 82 overlying and 
in fluid communication with the inlets of 
nozzles 84 in air cap 24. 

Referring now to Figures 2 — 4, nozzles 125 
84 are disposed in parallel, side-by-side rela- 
tionship and extend across the entire width of 
the web of material 26 and about half way 
around heated cylinder 28. Each of the nozzles 
84 is formed from tv/o identical sheet metal 130 
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nozzle members .88 disposed in mirror image 
relationship. Members 88 have parallel sides 
90 and converging nozzle portions 92 which 
cooperate to form, in each nozzle, a narrow 
5 elongated nozzle outlet slot 94 adjacent the 
surface of the web of material 26, The two 
nozzle members 88 of each nozzle are joined 
by a top wall member 96 which doses the 
end of the nozzle opposite outlet slot 94 as 
by welding or brazing. Nozzles 84 are con- 
nected by sheet metal ribs 98 which extend 
between and are welded or brazed to the 
juxtaposed nozzle members 88 of adjacent noz- 
les 84 at the intersection of their wall por- 
tions 90 and nozzle portions 92. Nozzles 84 
are supported with their outlets 94 closely 
adjacent the web of material 26 by the side 
walls 100 and 102 of air hood 24 to which 
the ends of nozzle members 88 may be se- 
cured as by welding or brazing. Cover plates 
103 bolted or otherwise fixed to side walls 100 
and 102 (which are connected by a side wall 
104) close the open ends of the nozzles. 
25 u^^ ^^^^ shown in Figures 1 and 4, plenum 
chamber 82 has a crescent-like configuration 
provided by end walls 105 and 106 between 
which a top wall 108 extends. The lower 
edges 110 of plenum chamber side walls 105 
and 106 are fixed to the top walls 96 of 
nozzles 84 to provide an air tight seal between 
the nozzles and the plenum chamber. As is 
shown in Figure 4, the top walls 96 of noz- 
zles 84 are cut away between the end walls 
105 and 106 of plenum chamber 82, provid- 
mg apertures 112 (see Figure 4) through 
which the heated drying air may flow from 
plenum chamber 82 into the interiors of noz- 
zles 84 as indicated by the arrows in Figure 
2. As is shown in Figures 2 and 4, the gaps 
between adjacent nozzles 84 beneath plenum 
chamber 82 are spanned by metal plates 114 
which prevent the heated air from flowing out 
of the plenum chamber between adjacent 
nozzles. 

45 After the heated drying air impinges on the 
surface of the web of material 26 being dried, 
it flows upwardly (see Figures 3 and 4) 
through elongated slots 116 formed in the 
ribs joining nozzles 84, carrying with it a 

50 burden of vapor removed from the barrier 
layer adjacent the surface of web 26. Refer- 
ring again to Figure 1, the spent air and its 
burden of moisture is drawn by blower 20 
through a transition section 118 of air hood 

55 24 into air return duct 32 through which it 
is recirculated to the plenum chamber 52 of 
air heating unit 16. By recirculating the mois- 
ture laden air through the air heating unit, the 
moisture content of the drying air delivered 

60 to air cap 24 is increased— preferably to a 
specific humidity in the range of 0.4 to 2.0 

pounds of water per pound of dry air 

thereby adding to the heat carrying capacity 
of the drying air. The preferred value of 
65 specific humidity is on the order of 1.0 



pound of water per pound of dry air although 
it is contemplated that this value will be 
varied within the limits indicated above for 
different applications of the present invention. 

To control the moisture content of the air 70 
delivered to air cap 24, a make-up air duct 
120 and a vent air duct 122 are provided. 
As is shown in Figure 1, make-up air duct 
120 communicates with return duct 32 on the 
inlet side of blower 20. Vent air duct 122 75 
communicates with a duct 124 connected be- 
tween the oudet of blower 20 and the inlet 
to the plenum chamber 52 of air heating imit 
16. Valves 126 and 128, disposed in make-up 
air duct 120 and vent air duct 122, respec- 80 
tively, may be adjusted to discharge selec- 
tively variable proportions of the moisture 
laden spent air returned from air hood 24 and 
replace it with fresh air of lower humidity to» 
inaintain the specific humidity of the air de-* 85 
livered to air cap 24 at the desired level. 

Figure 7 illustrates schematically an auto- 
matic control system 130 for maintaining con- 
stant the humidity of the heated air discharged 
through the nozzles 84 in air cap 24. Auto- 90 
matic humidity control system 130 includes a 
sensing unit 132, an amplifier-controller 134, 
and a power actuator 136. Sensing unit 132, 
which is located in return duct 32, generates 
a signal indicative of the specific humidity 95 
of the air flowing through the return duct 
which it transmits to amplifier-controller 134 
(which may be, for example, a Model GP107 
manufactured by General Elearic Co.). Ampli- 
fier-controlled 134 amplifies the signal and lOO 
transmits it to power actuator 136 which may 
by a conventional low speed, reversible D.C. 
motor. Power actuator 136 is operatively con- 
nected to and adjusts the valves 126 and 128 
in make-up air duct 120 and vent air duct 105 
122, respectively, to . continuously vary the 
proportions of recirculated and fresh air to 
maintain the humidity of the air impinging 
upon the web of material 26 moving through 
the dryer constant. jjq 

Referring now to Figure 6, sensing unit 
132 takes advantage of the well known 
physical facts that (1) as the specific humidity 
of a body of air increases, its dewpoint also 
increases; and (2) that if a body of air con- 115 
tacts a surface having a temperature lower 
than the dewpoint of the air, the moisture in 
the air will condense on the cooler surface. 
Thus, with reference to Figure 6, if the speci- 
fic humidity of a body of air is 0.4 pounds 120 
of water per pound of dry air, the dewpoint 
of the air is 168°F., and the moisture in that ' 
body win condense on any surface having a 
temperature lower than 168'*F. Similarly, if 
the specific humidity of the air is 0.3 pounds 125 
of water per pound of dty air, the dewpoint of 
that air is 160°F., and moisture will condense 
out of the air onto a surface having a tem- 
perature lower than 160°F. 
Referring next to Figures 8 and 9, sensing 130 
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unit 132 includes a copper plate 138 mounted 
in return air duel 32 and having a highly 
poh'shed, chrome placed surface 139 facing the 
interior of the duct. Plate 138 is maintained 

5 at a constant temperature as by circulating 
water or other constant temperature liquid 
through a chamber 140 into heat transfer 
relationship with the rear or outer side of plate 
138. Chamber 140 is provided with an inlet 

10 line 142 and an outlet line 144 and is sur- 
rounded by insulation indicated generally by 
reference character 145. The insulation is re- 
tained in place by a casing 146 attached to 
duct 32 in any desired manner. A thermo- 

15 couple 147 may be mounted in contact with 
the outer side of plate 138 to provide a con- 
tinuous indication of its temperature. The 
liquid circulated through chamber 140 may be 
heated in any desired manner as, for example, 

20 that shown in United States Patent No. 
1,960,658 issued ay 29, 1934, to K. P. Brace 
for "Dew Point Control Device". 

The temperature of plate 138 is selected so 
that, if the specific humidity of the air flow- 

25 ing through return duct 32 is above the desired 
level, the dewpoint of the flowing air will rise 
above the temperature at which plate 138 is 
maintained and the moisture in the flowing air 
will condense on and fog the highly polished 

30 chrome plate surface of plate 138. For 
example, if it is desired to maintain the 
specific humidity of the air flowing through 
return duct 32 at 0.3 pounds of water per 
pounds of dry air, plate 138 will be main- 

35 tained at a temperature of 160^F. If the 
specific humidity of the air flowing through 
the return duct rises above 0.3 pounds of 
water per pound of dry air, the dewpoint of 
the air will rise above 160*'F. and the moisture 

40 in the air will condense out on the polished 
surface of plate 138. 

With continued reference to Figures 8 and 
9, the presence of fog or condensate on plate 
138 is detected by reflecting a beam of light 

45 emanating from lamp 148 from the chrome 
plated surface of plate 138 into a photo- 
electric cell 150. Thus, if the specific humidity 
of the air flowing through duct 32 rises above 
the desired level, condensate will form on the 

50 surface of plate 138 and the intensity of the 
light reaching photoelectric cell 150 will be 
substantial^ less than when no condensate is 
present. Therefore, the intensity of the current 
generated by photoelectric cell 150 is 

55 diminished, producing a signal which, as ex- 
plained above, is amplified and transmitted 
to power actuator 136. In the above circum- 
stances, power actuator 136 opens valve 128 
in vent duct 122 and valve 126 in make-up 

60 air duct 120 to replace part of the moisture 
laden recirculated air with fresher, drier, make- 
up air. Lamp 148 and photoelectric cell 150 
are mounted in appropriate housings 152 and 
153 attached in any desired manner to duct 

65 32, 



In the preferred embodiment illustrated in 
Figures 8 and 9, the fog forming and detect- 
ing system including plate 138, the apparatus 
provided for keeping plate 138 at a constant 
temperature, lamp 148, and photoelectric eel! 70 
150, is duplicated, with the components of the 
second system being indicated by reference 
characters identical to those employed in con- 
jimction with the first, but primed. 

The two systems operate in the same man- 75 
ner except that, assuming that is desired to 
maintain the specific humidity of the air flow- 
ing through return duct 32 at 0.3 pounds of 
water per pound of dry air, plate 138 will be 
maintained, for example, at a temperature of 80 
159°F., and plate 138' at a temperature of 
161 °F. In this case, if the specific humidity of 
the air flowing through duct 32 falls more 
than shghtly below 0.3 pounds of water per 
pound of dry air, the polished surfaces of both 85 
plates 138 and 138' will be unfogged or clear. 
If the specific humidity of the air is or is close 
to 0.3 pounds of water per pound of dry air, 
the polished surface of plate 138 will be 
fogged, but the surface of plate 138' wiU be 90 
unfogged. If the specific humidity of the air 
increases to more than slightly above 0.3 
pounds of water per pound of dry air, the 
surfaces of both plates 138 and plate 138' 
will be fogged. By combining the output volt- 95 
ages of the two photoelcaric cells 150 and 
150', a continuous variable signal can be gener- 
ated which will detect minute increases and 
decreases in the specific humidity of the air 
flowing through duct 32. Thus, by employing 100 
a dual system, the specific humidity of the 
air can be maintained at the desired level 
within very close tolerances. 

Figure 5 illustrates graphically the advan- 
tages achieved by the present invention in 105 
comparison with the conventional steam heated 
Gardner type dryer. The present invention, 
as discussed above, makes it possible to de- 
liver the drying air to the material to be dried 
at a temperature on the order of 550'^F. as no 
compared to a maximum air temperature of 
about 350°F. in the Gardner type dryer. As 
a result, as shown by the curve "Combined 
Drying Rate", the drying rate may be in- 
creased from approximately 11 pounds of 115 
moisture removed per hour per square foot of 
material to 18 pounds per hour per square 
foot of material, an increase of more than 
50%. 

Second, it has been discovered that drying 120 
capacity is a function of both air tempera-, 
ture and velocity. If the temperature is in- 
creased, the velocity may be decreased. There- 
fore, high air temperatiure permits high drying 
rates at relatively low air velocity with a 125 
corresponding reduction in the power required 
to drive the air circulating blower. By heat- 
ing the air to 550*'F. as opposed to 250°F., 
the horsepower of the motor employed to 
drive blower 20 may be reduced from about 130 
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0.48 horsepower per square foot of dryer 
surface to about 0.42 horsepower per square 
foot of dryer surface, a savings of approxi- 
raately 12.5% (sec the curve "Main Fan 
•> Hp/Ft). Further, by heating the drying air to 
550°R, the optimum pressure of the steam 
by which cyhnder 28 is heated may be re- 
duced to 4 psig as compared with an optimum 

in ^'"T.r^oJ^^ "^^""^^ P^^S ^ heated 
lu to 350 F.3 the maximum temperature obtain- 
abii; in the steam heated Gardner type dryer 
As is shown by the curve "Sheet Surface 
Temperature", this significant increase in 
drying rate and substantial decrease in fan 
13 horsepower and optimum steam cylinder pres- 
sure are accomplished with only about a lO^'F. 
rise in the surface temperature of the materiai 
being dried. Therefore, even though the dry- 
ing air is heated to a substantiaUy higher tern- 
perature than has heretofore been possible, the 
material being dried will be not be over- 
heated. 

Another advantage of the present invention 
is that the pressure of the circulating medium 
m the tubes 50 of air heating tmit 16 and 
m the other components of heating system 12 
through which the medium circulates is sub- 
stantially atmospheric. In a Gardner dryer at 
350''F., the pressure of the steam circulated 

30 through the air heating unit is approximately 
170 psig. The reduction in pressure provided 
by the present invention makes it possible to 
effect substantial savings in the cost of the 
dryer and eliminates the hazard present in 

35 handlmg steam at high temperature and pres- 
sures. 

WHAT WE CLAIM IS : — 

1. A high velocity hood type air dryer for 
removing moisture from continuously moving 

40 webs of material, comprising means for heat- 
ing a stream of air to a temperature of not 
less than 500 °F: means for deUvering the 
air to and forcing it at a velocity of not less 
than 6,000 feet per minute against the surface 

45 of a web of material to be dried to evaporate 
the moisture therefrom: and means for re- 
circulating at least part of the cooled, moisture 
laden drying air from adjacent said web to 
said heating means to maintain the specific 

50 humidity of said air at not less than 0.4 
pounds of water per pound of dry air. 

2. The dryer as claimed in claim 1, wherein 
said heating means comprises an air heating 
chamber; means for forcing air through said 

55 chamber; and a tube type heat exchanger in 
said chamber. 

3. The 3ryer as claimed in claim 2, wherein 
said heating means further comprises a heat- 
ing unit including a tube type heat exchanger; 

60 means connecting the heat exchangers in said 
air heating chamber and in said heating unit 
into a closed circulation system; and a liquid 
having a boiling point of not less than 500°F 
in said closed system. 



4. The dryer as claimed in any of the 65 
preceding claims, wherein said air dehvering 
means comprises a plurality of elongated 
nozzles adapted to be disposed in substantially 
parallel, side-by-side relationship adjacent the 
web of material to be dried; means providing 70 
elongated fluid discharging shts in the sides 

of said nozzles adjacent said web; a plenum 
chamber extending over said nozzles; means 
establishing fluid communication between said 
plenum chamber and the interiors of said 75 
nozzles; and duct means estabhshing fluid 
commumcation between said air heating means 
and said plenum chamber. 

5. The dryer as claimed in claim 4, in- 
cluding a hood surrounding said nozzles and 80 
said plenum chamber; and exhaust duct estab- 
hshing fluid communication between said hood 
and said air heating means: and means pro- 
viding a make-up air vent in said duct. 

6. The dryer as claimed in claim 4, in- 85 
cludmg ribs extending substantially the length 

of and interconnecting adjacent ones of said 
nozzles; and means providing openings in 
said ribs to permit air to pass from adjacent 
said web tiirough said ribs into said exhaust 90 
duct. 

7. The dryer as claimed in any of the pre- 
ceding claims, together with means for main- 
taimng the specific humidity of said air sub- 
stantially constant. 

8. The dryer as claimed in claim 7, wherein 
said recirculating means includes a recirculat- 
ing air duct and the means for maintaining 
said specific humidity constant includes a 
member having a highly polished surface in 100 
conmiunication with the interior of said re- 
circulating air dua; means for maintaining 
said niember at a temperature equal to the 
dewpoint of air having a specific humidity 
which, at the temperature at which said air is 105 
cn-culated, will cause said air to be at the 
desired humidity; and means for detecting 

the presence of condensate on said highly 
polished surface. 

9. The dryer as claimed in claim 8, wherein no 
the means for maintaining said humidity con- 
stant further includes means operatively con- 
nected to said deteaion means for generating 

a signal if condensate forms upon said highly 
polished surface; means for amplifying said 115 
signal; and means including power actuator 
means responsive to said amplified signal for 
mtroducmg fresh air of lower humidity into 
said recirculated air to lower the humidity 
thereof. 

10. A high velocity air dryer for removing 
moisture from continuously moving webs of 
material, comprising; a hot air heater com- 
prising an air heating chamber and a tube 
type heat exchanger in said chamber; a duct 125 
for conducting hot air from said chamber to 

the material to be dried; a heating unit in- 
cluding a tube heat exchanger; supply and 
return conduits establishing fluid communica- 
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tion between said heat exchangers and to- 
gether with said heat exchangers constituting 
a circulation system; a liquid having a boiling 
point of not less than 5O0''F in said system; 
means for efTecting circulation of said liquid 
at a substantially constant rate through said 
system; a bjrpass conduit establishing fluid 
communication between said supply and re- 
turn conduits and connected in parallel with 
the heat exchanger in said air heater; and 
means responsive to the temperature of the 
air in said hot air duct for proportioning the 
flow of said liquid between said bypass con- 
duit and the air heater exchanger to main- 
tain in the air flowing duct at a substantially 
tmiform temperature. 

11. The dryer as claimed in claim 10, in- 
cluding a circulation maintaining bypass con- 
diut establishing fluid communication between 
said supply and return conduits and connected 
to said supply and return conduits closely 
adjacent the inlet of the heating unit heat 
exchanger and tlie intake of the liquid circulat- 
ing means^ respectively; and means responsive 
to the pressure differential benveen the inlet 
and outlet sides of said liquid circulating 
means for diverting flow through the circula- 
tion maintaining bypass in proportion to de- 
crease in flow through the circulation system 
to maintain a substantially constant flow of 
liquid through the heat exchanger in said 
heating unit and thereby prevent overheating 
of the circulating liquid. 

12. The dryer as claimed in claims 10 or 



11, wherein the liquid in said system is a 
chlorinated biphenyl having a boiling point of 
not less than 500^F and a decomposition rate 
at that temperature of not greater than 0.001 % 
per hour of system operation. 

13. The method of drying a conunuously 
moving web of material, comprising the steps 
of heating a stream of air in an cnviroiunent 
which is free of combustion products to a 
temperature of not less than 500 to provide 
heated air which has a temperature of at least 
SOO^'F and is free of combustion products'; 
directing tlie heated air at high velocity against 
the surface of the material to be dried; and 
recirculating and reheaung the air impinged 
upon said web to increase the moisture content 
and thereby the drying capabilities of the air 
directed against the web of material to be 
dried. 

14. The method as claimed in claim 13, 
wherein the air is indirecdy heated. 

15. The method as claimed in either of the 
preceding claims 13 or 14, wherein said air is 
directed against the material to be dried at a 
velocity of not less than 6,000 feet per minute. 

16. A high velocity hood type air dryer sub- 
stantially as hereinbefore described wirfi refer- 
ence to the accompanying drawings. 

17- A method of drying a continuously mov- 
ing web of material, substantially as herein- 
before described. 

MARKS & CLERK, 
Chartered Patent Agents, 
Agents for the Applicant(s). 
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